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Abstract
Recently, we have proposed a definition for the vacuum and suggest a mechanism for symmetry
breaking. In this mechanism extra massless fields, vacuum fields, arise. We apply our method
to the standard model of particle physics and obtain vacuum sector of this model. Vacuum field
of the standard model is a four-vector with electromagnetic nature. This field is invariant under
U(1)em gauge transformation. We speculate that it could be responsible for many cosmological
phenomena like inflation, dark energy and cosmic magnetic fields.
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1
Standard model of particle physics is a highly successful model classifying all known
elementary particles and describing three fundamental forces (the electromagnetic, weak,
and strong interactions). This model is based on the local gauge group SU(3)C ⊗SU(2)L⊗
U(1)Y . Weinberg [1] and Salam [2] united Higgs mechanism [3–5] with Glashow’s electroweak
interaction [6], and took a big step towards constructing the standard model. Later, quarks
and their interactions were added to the model, giving it its final form.
In this paper, instead of Higgs mechanism, we incorporated our mechanism for symmetry
breaking [7] into the standard model and obtain the vacuum sector of the theory. We begin
with this vacuum condition that matter sources of the gauge field equations should be zero.
For spinor fields, matter source Jaµ takes the form
Jaµ = gψ¯T
aγµψ. (1)
where g is the charge of the gauge theory, γµ are the Dirac matrices, and T
a are the generators
of the gauge group. Vacuum condition Jaµ = 0 implies that ψ
V = 0. Therefore, vacuum
must be empty of spinor fields (leptons and quarks). We also ignore gluons; their presence
in the vacuum is not permitted because of color confinement. So, the remaining Lagrangian
of the standard model is
L =
1
2
(Dµφ)
†(Dµφ)− V (φ†φ)
−1
4
XµνX
µν − 1
4
Wµν .W
µν . (2)
where
Dµφ = ∂µφ− igW iµ
σi
2
φ− ig′Xµ
I
2
φ,
Xµν = ∂µXν − ∂νXµ,
Wµν = ∂µWν − ∂νWµ + gWµ ×Wν ,
V (φ†φ) =
λ
4
(φ†φ− ν2)2, λ , ν > 0. (3)
The Higgs doublet φ can be parameterized:
φ = HΨe−iγ, (4)
with
Ψ =

cos α2 e−iβ
sin α
2

 , Ψ†Ψ = 1, (5)
2
where H , α, β, and γ are real fields.
The following conditions minimize the scalar part of the Hamiltonian density (HSmin = 0)
and also makes the (scalar) matter source of the gauge fields equal to zero:
(Dµφ) = (Dµφ)
† = 0, (6)
φ†φ = ν2 ⇒ HV = ν. (7)
Therefore
φV = νΨe−iγ , (8)
and thus, according to eq. (6)
(∂µΨ− igW iµ
σi
2
Ψ− i(∂µγ +
g
′
2
Xµ)Ψ)Ψ
† = 0, (9)
Ψ(∂µΨ
† + igW iµΨ
†σ
i
2
+ i(∂µγ +
g
′
2
Xµ)Ψ
†) = 0. (10)
The sum of eq. (9) and (10) yields
∂µM − igW iµ[
σi
2
,M ] = 0, (11)
where
M = ΨΨ† =
I
2
+ n.σ, (12)
and
n =


sinα cos β
sinα sin β
cosα

 . (13)
Considering eq. (11) and eq. (12), we have
∂µn+ gWµ × n = 0, (14)
⇒WVµ = W Vµ n+
1
g
∂µn× n, (15)
where W Vµ = W
V
µ .n. Now eq. (9) implies
Ψ†(∂µΨ− igWVµ .
σ
2
Ψ− i(∂µγ +
g
′
2
Xµ)Ψ) = 0, (16)
and according to
Ψ†σΨ = n, Ψ†Ψ = 1, (17)
and Ψ†∂µΨ = −i cos2
α
2
∂µβ, (18)
3
we get
XVµ = −
g
g
′
W Vµ −
2
g
′
cos2
α
2
∂µβ −
2
g
′
∂µγ. (19)
Substituting eqs. (8), (15), and (19) in the Lagrangian (2), the vacuum Lagrangian will be
LV = −
1
4 sin2 θW
(W Vµν)
2, (20)
where
W Vµν = ∂µW
V
ν − ∂νW Vµ −
sinα
g
(∂µα ∂νβ − ∂να ∂µβ), (21)
and θW is the Weinberg angle (sin θW =
g
′
√
g2+g
′2
).
To obtain a more physical Lagrangian, we now make a use of the fact that we have a local
symmetry, so may perform independent gauge transformations at each point in space-time.
We therefore select a gauge, unitary gauge in which only physical particles appear, so that:
φ→ e−i
α1
2
σ.me−i
β1
2 φ =

 0
H

 , (22)
where
α1 = pi − α, β1 = −2γ, m =


− sin β
cos β
0

 . (23)
For vacuum gauge fields in unitary gauge we have
XVµ → XVµ −
1
g
′
∂µβ1, (24)
(WVµ .
σ
2
) → U(WVµ .
σ
2
)U † − i
g
(∂µU)U
†, (25)
where
U = e−i
α1
2
σ.m = cos
α1
2
− iσ.m sin α1
2
. (26)
According to eqs. (25) and (26):
WVµ → (WVµ .m)m− sinα1(WVµ ×m)
+ cosα1m× (WVµ ×m)−
1
g
(∂µα1)m+
1
g
∂µm×m
−sinα1
g
∂µm−
cosα1
g
∂µm×m. (27)
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Now it is straightforward, if tedious, to show that in unitary gauge vacuum fields are
(W 1µ)
V = (W 2µ)
V = 0,
(W 3µ)
V = −W Vµ −
2
g
cos2
α
2
∂µβ, (28)
and
XVµ = −
g
g
′
W Vµ −
2
g
′
cos2
α
2
∂µβ. (29)
According to the following definitions
(W±µ )
V =
1√
2
((W 1µ)
V ∓ (W 2µ)V ),
ZVµ =
g(W 3µ)
V − g′XVµ√
g2 + g′2
,
AVµ =
g
′
(W 3µ)
V + gXVµ√
g2 + g′2
, (30)
vacuum fields in unitary gauge are
(W±µ )
V = ZVµ = 0, (31)
AVµ = −
1
sin θW
(W Vµ +
2
g
cos2
α
2
∂µβ). (32)
Therefore, the nature of the vacuum field Vµ = A
V
µ is electromagnetic. and massive gauge
bosons do not contribute in vacuum.
Using eq. (18) the vacuum field will be
Vµ = Aµ +Bµ, (33)
where
Aµ = −
1
sin θW
W Vµ , (34)
Bµ =
1
ie
(Ψ†(∂µΨ)− (∂µΨ†)Ψ), (35)
where e = g sin θW is the proton charge. Remarkably Vµ itself is invariant under U(1)em
gauge transformations:
Ψ → e− i2ωΨ, (36)
Aµ → Aµ +
1
e
∂µω. (37)
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Therefore adding a potential term to the vacuum Lagrangian does not violate gauge invari-
ance:
L = −1
4
VµνV
µν − V (VµV µ), (38)
where Vµν = ∂µVν−∂νVµ, and V (VµV µ) is a gauge invariant potential term. If we minimally
couple the vacuum field to the gravity we get this action:
s =
∫
d4x
√−g[ −1
16piG
R− 1
4
VµνV
µν − V (VµV µ)]. (39)
where g = det(gµν) is the determinant of the metric tensor matrix, G is the gravitational
constant, and R is the Ricci scalar. This kind of action is used in a model [8] in which
inflation [9, 10] is driven by a vector field rather than a scalar field. The big difference
here is that unlike [8], our formalism enjoys gauge invariance. Furthermore, vacuum field
Vµ is composed of another vector field Aµ, and a scalar doublet Ψ, and this may change the
results. Indeed, vector fields coupled to gravity is proposed by many authors, for example
see [11–13], in order to describe both inflation and late time accelerating expansion of the
universe [14, 15] related to the dark energy. But the nature of the vector field is unknown
and they suffer from violating gauge invariance, while in our formulation the nature of the
vector field is electromagnetic and its interaction with other standard model particles is not
unknown.
Now we consider vacuum Lagrangian without potential term:
L = −1
4
VµνV
µν = −1
4
(Fµν +Bµν)(F
µν +Bµν), (40)
where
Fµν = ∂µAν − ∂νAµ, (41)
Bµν =
2
ie
(∂µΨ
†∂νΨ− ∂νΨ†∂µΨ). (42)
The Euler-Lagrange equation of the vacuum Lagrangian by variation with respect to Aµ
yields
∂µV
µν = ∂µF
µν + ∂µB
µν = 0, (43)
and variation with respect to Ψ does not lead to a new equation. Therefore in the absence of
the potential term, the scalar doublet Ψ is not a dynamical field. However, it carries energy
and momentum. Note that Ψ is a charged field and it couples with Aµ and charged particles.
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According to the eq. (8) this field is nothing but the orientation of the Higgs doublet
vacuum state in every space-time points. If we consider one vacuum state for all space-
time, then Ψ will be a constant and its contribution to the vacuum Lagrangian disappears.
However, we suppose that it could be a function and because it is not a dynamical field
we assume that it is not time dependent and it simply shows the orientation of the Higgs
doublet vacuum state in every space point. In traditional approach Ψ is a constant and
orientation of the vacuum state is the same for all space. This approach works well in particle
physics. However, we consider a possibility that it can change at least on cosmological
scales. If Ψ is only a function of space on large scales, then according to eq. (42) it can
only generate large scale magnetic fields or cosmic magnetic fields. Because of homogeneity
and isotropy of space we expect that on large scales Ψ should be randomly oriented and
thus it generates randomly oriented cosmic magnetic fields with almost constant strength.
Indeed, cosmological observations show that magnetic fields in the µG range are pervading;
for a review see [16]. All galaxies and clusters of galaxies carry magnetic fields that are
large and extensive with unknown origin. Even more mysterious is the ubiquity of these
fields and the uniformity of their strength. Though strong homogeneous fields are ruled out
by the uniformity of the cosmic background radiation, large domains with uniform fields
are possible. The origin of cosmic magnetic field is an outstanding problem in modern
cosmology which according to our proposal it could be related to the vacuum field Ψ. If
we relate the vacuum field Aµ to the cosmic microwave background (CMB) radiation which
fills vacuum uniformly and associate Ψ to the cosmic magnetic fields, using equipartition
theorem, we conclude that the energy density of the magnetic field should be the same order
as CMB energy density. It is because Aµ has two degrees of freedom (associated with two
polarization of the photon) and Ψ has also two degrees of freedom (α and β). Using energy
density of CMB, ρr = 4.64×10−31Kg.m−3, equipartition theorem yields Bavg ≃ 3µG where
Bavg is the averaged magnetic field . This estimation agrees fairly well with the astronomical
observations. Assuming Robertson-Walker metric, if the orientation of Ψ does not change
in co-moving Robertson-Walker coordinate, then according to eq. (42) we expect that
B =
a20
a2
B0,
⇒ ρB =
1
2
B2 =
a40
a4
ρB0 . (44)
where a is the Robertson-Walker scale factor. Therefore, magnetic energy density ρB behaves
7
as the same as radiation energy density ρr as the universe expands and if they are in
equilibrium now, they will remain in equilibrium.
Electromagnetic effects on cosmological scales should not be a surprise. Apart from grav-
ity, only electromagnetism acts as a long-range interaction which could become relevant on
cosmological scales. We show that vacuum sector of the standard model has a electromag-
netic nature with a vector field and a scalar field. The scalar field is a charged field and
it is possible that due to some asymmetry, like matter-antimatter asymmetry, it generates
uniform electric charge in the universe. Therefore, even the assumption of exact electric
neutrality of the universe on large scales is debatable. If this is the case, the attractive
gravitational force is not the only relevant force on large scales and electromagnetic force,
which could be repulsive, can also play a crucial role.
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